Tuberculosis in Chinese Iron Miners: Fen WU, et al. Department of Occupational Health and Toxicology, School of Public Health, Fudan University, ChinaSilicosis is a fibrotic lung disease produced by the inhalation and deposition of silica dust. The association between silicosis and pulmonary tuberculosis (PTB) has been well established. Cytokines participate in the development and progression of silicosis and PTB. Functional polymorphisms in cytokine genes have been identified that alter cytokine production. The aims of the current investigation were to determine whether functional polymorphisms in the tumor necrosis factoralpha (TNF-α) gene at position -308; in the transforming growth factor-beta 1 (TGF-β1) gene at positions -509, +869 (codon 10), and +915 (codon 25); in the interleukin-10 (IL-10) gene at position -1,082, -819 and -592; and in the intron 1 of the interferongamma (IFN-γ) gene at position +874 are associated with silicosis and PTB. We conducted a case-control study with 183 silicosis patients and 111 silicaexposed miners, and a 1:2 matched case-control study of 61 PTB cases and 122 PTB-free miners. Genotype analysis was performed on genomic DNA, using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay. There was complete linkage disequilibrium (LD) between the -819C and -592C alleles of the IL-10 gene. The genotype frequencies were similar between cases and control subjects for all investigated cytokine polymorphisms (p>0.05). We did not find an association between the different genotypes and severity of silicosis. We assume that these genetic variants do not play a dominant role in silicosis and PTB in our Chinese population. (J Occup Health 2008; 50: 445-454) 
Silicosis is a fibrotic lung disease produced by the inhalation and deposition of silica dust. Epidemiological and experimental studies have implicated silica not only as a cause of chronic inflammatory lung disease, but also as a potential carcinogen and the International Agency for Research on Cancer (IARC) concluded that there was sufficient evidence of the carcinogenicity of silica in the forms of quartz and cristobalite 1) . The association between silicosis and pulmonary tuberculosis (PTB) has been well established. Epidemiological and case studies have shown that workers exposed to silica dust have increased morbidity and mortality from PTB. Experimental studies have shown an association between changes induced by silica particles and increased susceptibility to mycobacterial infection 2) . Although the pathophysiology has not been fully understood, several lines of evidence suggest the participation of cytokines. Cytokines play key roles in immune responses, inflammation and fibrosis. The cytokines receiving the most attention to date, in relation to silicosis and PTB, include tumor necrosis factor-alpha (TNF-α), transforming growth factor-beta 1 (TGF-β1), interleukin (IL)-10, and interferon-gamma (IFN-γ) [3] [4] [5] [6] [7] . Studies in the Chinese population showed changes of cytokine expression in persons with silicosis and PTB [8] [9] [10] [11] [12] [13] [14] [15] . The regulation of these cytokines may be important in increasing the susceptibility to silicosis and PTB. Functional polymorphisms in the TNF-α, TGF-β1, IL-10, and IFN-γ genes have been identified as altering cytokine production [16] [17] [18] [19] [20] . Because not all individuals develop silicosis and PTB despite similar work histories, it is assumed that genetic factors influence risk of the disease. In view of this assumption and the paucity of information on the direct roles of TNF-α, TGF-β1, IL-10, and IFN-γ in silicosis and PTB, we conducted a case-control study and a 1:2 matched case-control study to determine whether common functional polymorphisms of TNF-α-308, TGF-β1-509, +869 (codon 10), and +915 (codon 25), IL-10 -1,082, -819, and -592 and IFN-γ+874 are associated with silicosis and PTB.
Methods

Study population
Enrolled in the study were 294 retired male miners from an iron mine in Anhui Province, China. All subjects had spent their entire working career with this mining company. Therefore, all men had been followed by company physicians from the time of employment and throughout their retirement, and had had periodic screening by chest radiographs. Cases with histologically confirmed silicosis from 1960 to 2000 were re-reviewed and graded in 2003 by the local Occupational Disease D i a g n o s t i c Te a m a c c o r d i n g t o t h e C h i n e s e pneumoconiosis radiographic diagnostic criteria. Control miners with similar exposure histories but without apparent pulmonary disease or inflammation were matched for age group (<60, 60-, 70-yr), dust exposure duration (<20, 20-, 30-yr), work location, and type of work.
Sputum culture was examined for diagnosis of PTB. Subjects with positive mycobacterium tuberculosis (MTB) culture of sputum were classified as having bacterium-positive PTB. Subjects were defined as having bacterium-negative PTB if they met the following criteria: typical tuberculosis symptom and radiographic findings compatible with MTB infection such as miliary disease, cavitary lesions, hilar lymphadenopathy, and primary complex; excessive positive tuberculin reaction; and antituberculous therapy being effective. We collected the medical files of each subject from the beginning of employment, and calculated the cumulative prevalence of PTB in the case and control groups. From 1960-2002, 61 miners were diagnosed with PTB. Associations between genetic polymorphisms and PTB were examined by a 1:2 case-control study: 61 PTB miners and 122 PTBfree miners. The two groups were matched for gender, age ± 5 yr, similar level of dust exposure, and same state of silicosis or not. Among the 61 PTB miners, 50 cases were with silicosis (20 cases in stage I and 30 cases in stage II or III), and 11 cases were without silicosis. Among the 122 controls, 100 miners had silicosis (59 cases in stage I and 41 cases in stage II or III), and 22 miners did not have silicosis.
The subjects were interviewed by trained personnel, and a standardized questionnaire was used to obtain items including personal information, cigarette consumption, alcohol intake, self-reported symptoms, medical history, and work history. Those who smoked at least one cigarette per day for more than one year were considered regular smokers. Pack-years, an indicator of cumulative smoking dose, was defined as packs of cigarette smoked daily times years of cigarette smoking. Drinking was defined as consumption of at least 7 standard units of alcohol on average per week [1 standard unit=10 g of alcohol equivalent, e.g., a glass/can/bottle (330 ml) of regular beer (5%), a measure (40 ml) of liquor, a glass (120 ml) of wine] for more than 6 months. Alcohol consumption was defined as the drinking amount of alcohol equivalent monthly times the duration of drinking in months.
Occupational exposure assessment
Total dust monitoring was performed with a battery operated sampler to collect total airborne dust directly onto an exposed pre-weighed filter (diameter 40 mm). Total airborne dust in various work locations had regularly been measured and recorded since the 1960s. Missing exposure data in the 1950s was estimated by industrial hygienists and long-term employees considering historical changes at the mine. Based on similarity of work conditions and dust exposure levels, all participants were classified into three job titles: job 1 (stone driller, shaftman, borer, and underground miner), job 2 (underground hauler, timberman) and job 3 (underground technician, signalman, and maintenance man). All available industrial hygiene data were used to create a job title, and calendar year exposure matrix. From 1950 to 1995, Chinese total dust concentrations were summarized for each job title in fiveyear intervals. Each person's work history was abstracted from their complete employment records in mine files and the questionnaire. The records include job titles and calendar work years for miners' full duration of employment. The cumulative total dust exposure (CTE) of each subject was calculated by combining the exposure matrix with work history according to the following equation 21) :
where C j =concentration of total dust (mg/m 3 ) for the jth job and employment period (from the job-exposure matrix), T j =duration of employment (years) in job j, n=number of job titles held by the subject in the work history, and unit=mg.a/m 3 . Based on the distribution of CTE, three levels of exposure were defined: <150 mg.a/ m 3 (low exposure), 150-300 mg.a/m 3 (moderate exposure), and >300-mg.a/m 3 (high exposure).
DNA preparation and PCR-RFLP genotyping assays
Extraction of genomic DNA was performed using the routine phenol-chloroform method. DNA integrity was checked and DNA was quantitated using agarose gel electrophoresis. Genotyping was performed using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. PCR amplification was accomplished in a volume of 25 µL containing 50 ng genomic DNA, 0.2 µM primer, 0.2 mM deoxynucleotide triphosphates (dNTPs), 2.0 mM MgCl 2 and 0.625 units of Taq polymerase in 1×reaction buffer. Cycling conditions were 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, 52°C to 67°C for 30 s, 72°C for 30 s to 50 s and a final 10 min extension at 72°C. Details for each polymorphism analysis are summarized in Table  1 . PCR products were digested at 37°C or 55°C for 16 h with 5 or 10 units of restriction enzyme and separated by electrophoresis on a 2% or 3% agarose gel stained with ethidium bromide at 100 V for 40 minutes and visualized by UV illumination (Gel Doc 2000, Segrate, Milan, Italy). For quality control, 10% masked, random samples were tested twice by different researchers, and the results were 100% concordant.
The study was undertaken with the permission of the local authorities and the ethics committee of the School of Public Health at Fudan University. Written informed consent was obtained from each participating individual.
Statistical analysis
Pearson's χ 2 test (Fisher's exact test for cell size<5) was used to examine differences in characteristic variables and the distribution of genetic polymorphisms between cases and controls. The odds ratio (OR) and 95% confidence interval (95% CI) for estimating the associations between genotypes and risk of silicosis and PTB were obtained from unconditional logistic regression with adjustment for potential confounding factors, including CTE, smoking status and drinking (adjusted OR and 95% CI). Two-sided p<0.05 was considered to be significant. All tests were performed using SPSS for Windows version 11.0 software (SPSS Inc., Chicago, IL). Control groups were tested for deviation of genotype frequencies from Hardy-Weinberg equilibrium. Haplotype analysis was conducted with PHASE 2.0.2 software (University of Washington, Seattle, WA). Linkage disequilibrium (LD) was assessed between the TGF-β1 and IL-10 polymorphisms by calculating the D' value (http://202.120.7.14/analysis/myAnalysis.php).
Results
Characteristics of silicosis cases and controls
A summary of selected characteristics of the subjects ). The mean CTE of the stage II group was significantly higher than that of the stage I group and the control group, but no difference was detected among the other groups.
Prevalence of PTB in various subgroups of miners
Eleven of 111 controls were diagnosed with PTB and the prevalence of PTB was 9.9%; 50 in 183 silicosis patients were diagnosed with PTB and the prevalence of PTB was 27.3%. Silicosis patients had a significantly higher risk of PTB than miners without silicosis (OR=3.42, 95% CI: 1.69-6.90). The prevalence of PTB was 18.2% (20/110) in the stage I, 33.9% (21/62) in the stage II, and 81.8% (9/11) in the stage III subgroups.
The prevalence of PTB increased with the severity of silicosis (Spearman correlation test, p<0.05).
Analysis of the TNF-α, TGF-β1, IL-10, and IFN-γ gene polymorphisms
The genotype frequencies of the investigated polymorphisms are shown in Tables 3 and 4 . The genotype frequencies of all polymorphisms in the patients with silicosis and the control subjects were in HardyWeinberg equilibrium (p>0.05). The frequencies of TGF-β1+915 (condon 25) C allele and IFN-γ+874 T allele were low (0.01 and 0.098, respectively). The genotype frequencies were similar between cases and control subjects for all investigated cytokine polymorphisms (p>0.05). We did not find an association between the different genotypes and severity of silicosis (data not shown).
Estimation of LD between pairs of polymorphic loci in TGF-β1 and IL-10 and effects of haplotypes on risk of silicosis
In the control population, the two TGF-β1 polymorphisms were in strong LD (D'=0.908) and there was complete LD between the IL-10 -819 and -592 loci (D'=1.00). As shown in Table 5 , there were four TGF-β1 and IL-10 haplotypes. The frequency of the TGF-β1 HAP2 haplotype was higher in cases than in controls (p=0.01).
Discussion
Silicosis continues to be a common occupational disease, despite being preventable by dust control measures. Identification of new risk factors for silicosis development other than the known environmental factors would improve recognition of patients at risk and could help to determine an effective prophylaxis. Cytokines may represent one such class of risk factors. Although there is much controversy, some cytokine gene polymorphisms seem to correlate with in vitro cytokine production 28) . Thus, individuals with a definite cytokine genotype can be classified as having a certain phenotype. In our study, all individuals were phenotyped as being high or low producers of TNF-α, and high, intermediate or low producers of TGF-β1, IL-10 and IFN-γ.
Animal models have suggested that TNF-α plays a significant role in silica-induced lung damage [29] [30] [31] . A major role for TNF-α in pulmonary fibrosis is supported by evidence obtained from TNF-α deficient mice, which are resistant to silica-induced development of fibrosis 32, 33) . In humans, the local release of TNF-α has been shown to coincide with pathogenesis of the disease 34) . TNF-α is an essential cytokine for granuloma formation. Mice deficient in TNF-α failed to form organised granuloma, which resulted in widespread dissemination of M. tuberculosis and the rapid death of the infected animals 35) . Additionally, recent data revealed that blocking the effect of TNF-α can lead to reactivation of TB 36) . In the TNF-α promoter region, a functional polymorphism, at position -308, has been described 16) . In vitro, the A allele leads to increased TNF-α expression 37, 38) . However, conflicting results have been reported regarding the influence of the genetic variant on TNF-α expression 16) . The TNF-α-308 polymorphism has been associated with silicosis 39, 40) . However, no association or linkage of PTB with TNF-α gene polymorphisms was demonstrated in most studies [41] [42] [43] . TGF-β1 is a multifunctional cytokine that regulates proliferation and differentiation of various cell types. TGF-β promotes extracellular matrix accumulation by upregulating collagen and fibronectin gene expression, and inhibits matrix degradation by decreasing secretion of proteases and increasing secretion of protease inhibitors. TGF-β is able to stimulate the proliferation of human lung fibroblasts in culture, to increase the collagen production of the cells, and is able to increase IL-6 production by lung fibroblasts of patients with silicosis 4, 44) . The presence of TGF-β in TB granulomas may be beneficial since it can induce fibrosis and seal off TB lesions from surrounding healthy tissue. However, this effect may also be detrimental by seeding the potential for cavitation and subsequent reactivation 45) . Several functional polymorphisms have been described in the TGF-β1 gene that may control the level of TGF-β1 production and secretion. The plasma concentrations of TGF-β1 were approximately twice as high in homozygous individuals for the T allele compared with the concentrations for homozygous individuals for the C allele at position -509 in the TGF-β1 promoter region 18) . In the signaling sequence of the TGF-β1 gene, two polymorphisms in the first exon have been described. A polymorphism at position +869 results in an amino acid change from leucine to proline at codon 10, and a polymorphism at position +915 results in an amino acid substitution from arginine to proline at codon 25. Alterations within the signaling sequence may affect the transcription or translation of the protein or may cause an altered intracellular transport of the protein 17) . Some authors reported that T allele in codon 10 correlated with reduced production of TGF-β1 proteins 46, 47) , while others 17) linked the presence of the same allele to higher TGF-β1 production. Award et al. showed that individuals homozygous for Arg (GG) at codon 25 produced significantly more total TGF-β1 in vitro than heterozygous Arg25Pro (GC) subjects 17) . Consistent with our data, no significant association between TGF-β1 gene polymorphisms and silicosis and PTB has been reported to date.
IL-10 was originally defined as a cytokine able to alter the balance of mouse Th1 and Th2 activity and can function as a negative regulator of TNF-α 48, 49) . Barbarin et al. reported that IL-10 exacerbated TGF-β expression in lung macrophages while limiting PGE2 expression in both lung macrophages and fibroblasts, consistent with a net profibrotic effect. In contrast, IL-10 may also play a beneficial role in the extension of pulmonary fibrosis, and thus could be considered under certain conditions to be an antifibrotic cytokine 5) . Barbarin et al. subsequently indicated that increased expression of IL-10 significantly contributed to silica-induced lung fibrosis by exacerbating the Th2 response and the production of the profibrotic cytokines IL-4 and IL-13 50) . Modulation of T cell responses by IL-10 seems to influence the susceptibility of the host to TB infection 51) . Of the three IL-10 promoter polymorphisms investigated, the -1,082 G variant has been associated with a higher IL-10 production in vitro 20) and although the -1,082 polymorphism appears to be in LD with other polymorphisms at -819, -592, it seems that the relationship between the IL-10 A allele and increased IL-10 gene transcription in B-cells is independent of these other polymorphisms 52) . In the present study, the -592 and -819 polymorphisms were in complete LD, as might be expected from their close proximity to one another, and this finding is consistent with earlier observations 53, 54) . There have been inconsistent findings about the relationship between the IL-10-1,082 polymorphism and resistance or susceptibility to PTB [55] [56] [57] [58] . The multifunctional cytokine IFN-γ has several potential antifibrotic actions, including inhibition of fibroblast proliferation and collagen production. An in vitro study 59) has demonstrated that IFN-γ inhibits the proliferation of lung fibroblasts in a dose-dependent manner and reduces the synthesis of protein in fibroblasts. The critical role of IFN-γ and its receptor in TB have been demonstrated in both animal models and humans 60, 61) . IFN-γ knockout mice were found to be highly susceptible to M. tuberculosis infection 61) . Among numerous intronic polymorphisms in the IFN-γ gene, a polymorphism in intron 1 at a position +874 from the translation start site has been identified, namely, the T allele was associated with high IFN-γ production 62) . Lio et al. observed that the +874T/T genotype was significantly decreased in patients with lung TB 63) . Another study demonstrated that individuals with the IFN-γ +874A/A genotype had a 3.75-fold increased risk of developing PTB 57) . With regard to the central role of TNF-α, TGF-β1, IL-10, and IFN-γ in silicosis and PTB, we speculated that patients with silicosis and PTB demonstrate differences in the genotype distribution of these functional polymorphisms. However, the genotype frequencies were similar between patients and control subjects, and we did not detect an association between the different genotypes and severity of silicosis. We note that the frequency of the TGF-β+915C allele was very low in our Chinese population (0.01); thus, it was not possible to evaluate its potential disease association. Future studies with larger samples are necessary. Furthermore, the possibility that these polymorphisms are linked to another more important genetic factor has not been excluded. In a previous study at our laboratory, a role for the IL-1 gene polymorphisms was also excluded in patients with silicosis.
In conclusion, the results of the current investigation did not reveal an association between the investigated TNF-α, TGF-β1, IL-10, and IFN-γ polymorphisms and risk or severity of silicosis and PTB. Therefore, we assume that these polymorphisms do not play a dominant role in silicosis and PTB.
